Human -defensins 2 and 3 (hBD-2 and hBD-3) have potent fungicidal activity in the micromolar range. Although little is known about their mechanism of action against Candida species, some similarities with the antifungal mechanism of salivary peptide histatin 5 (Hst 5) seem to exist.
INTRODUCTION
were determined from ATP standard curves for each experiment and expressed as pica moles 5 of ATP per 10 4 cells.
6
Cell Fractionation and Western Blot. Localization of ssa proteins in C. glabrata 931010 and
7
C. albicans CAF4-2 strains was examined by two sequential cellular fractionation steps 8 consisting of -mercaptoethanol ( -ME) cell wall extraction, followed by cytosolic fractionation 9 as previously described (16). Briefly, early-log phase cells were washed twice with 10 mM suspension in ammonium carbonate buffer (pH 8.0) containing 1% (v/v) -ME for 30 min at
12
37°C. The supernatant containing the -ME cell wall extract was collected following 13 centrifugation at 500 x g. The -ME-treated cells were then washed twice with 1 M sorbitol and 14 the cell pellet was disrupted in one volume of 0.5-mm glass beads and one volume of cold lysis 15 buffer supplemented with protease inhibitors (10 mM NaPB, 1 mM phenylmethylsulfonyl fluoride,
16
1 mM EDTA, 1 µg/ml aprotinin, 1 µg/ml pepstatin A, 1 µg/ml leupeptin, 1 µg/ml benzamidine).
17
Cells lysates were prepared by vigorous vortexing at 4°C. The cytosolic fraction was collected
18
following centrifugation at 10,000 x g for 10 min. The -ME-cell wall extracts and cytosolic
19
proteins were normalized by protein concentration, and immunoblotted using mouse anti- Recently it has been shown that hBD-2, but not hBD-3 bactericidal activity is salt-sensitive 3 (11, 23) , however the effect of ionic strength on hBD-2 and hBD-3 fungicidal activity is not 4 known. Treatment of C. albicans cells with hBD-2 (11.6 µM) using our standard conditions (10 5 mM NaPB) resulted in 95±1.5% cell killing (Fig. 2 A, closed circles) . However, doubling the salt 6 concentration to 20 mM NaPB significantly decreased C. albicans susceptibility to 54±7% (Fig.   7 2 A, open circles). Further increasing the salt concentration to 50 mM reduced hBD-2 killing to 8 29±13% (Fig. 2 A, closed squares); but an increase to 100 mM NaPB only slightly reduced 9 killing below this level to 24±14% (Fig. 2 A, open squares) .
however the attenuation of killing was more substantial than for hBD-2 at higher (> 20mM) salt 12 concentrations (Fig. 2 B) . C. albicans susceptibility to hBD-3 (1.0 µM) was decreased to 13 63±16% in 20 mM NaPB (Fig. 2 B, open circles) , compared to 98.2±1.5% killing with 10 mM the media or a specific ion effect, we tested hBD-2 and hBD-3 killing in the presence of 1 increasing concentrations of various salts. The effect of hBD-2 and hBD-3 on C. albicans was 2 examined in 10 mM NaPB supplemented with 0.5, 1, 5 or 25 mM of CaCl 2 , MgCl 2 , NaCl or KCl.
3
In the presence of only 0.5 mM of either CaCl 2 or MgCl 2 , cells treated with hBD-2 (11.6 µM) 4
showed substantially increased resistance to the peptide, resulting in 69±1.1% and 58.4±5.2% 
13
showed no difference in susceptibility among the salts tested (Fig. 3 B) . To evaluate if specific pre-incubated with sodium azide were highly resistant to the fungicidal activity of hBD-3 ( Fig. 4 5 B, open squares) compared with the control cells (Fig. 4 B, closed squares). However, the 6 inhibitory effect of sodium azide following hBD-3 treatment was biphasic, in that 36±10% of cells 7
were killed at higher peptide concentrations ( 0.8 µM), while lower hBD-3 doses ( 0.6 µM) 8 resulted in less than 10% killing (Fig. 4 B, open squares), suggesting that hBD-3 kills C.
9
albicans by additional energy independent mechanisms at higher concentrations.
10
We have previously shown that Hst 5 action results in ATP release, which could be blocked in potency of recombinant hBD-2 is about 10-fold higher than that of recombinant hBD-3 (1 µM vs. 5 10 µM), but commercially available hBD-2 is 10 times less fungicidal than hBD-3 (9, 14, 31) . 6
Thus, recombinant hBD-2 differs from the commercially available peptide used in the present 7 study, which might be the reason for differences in results. In our experiments, calcein release 
18
The greater potential effects of hBD-3 on membrane permeability at LD 90 levels could be 19 due in part to the higher net cationic charge of hBD-3 (11) or its ability to form dimers (25) .
20
Electrostatic charge-based mechanisms of membrane permeabilization rather than formation of 21 bilayer-spanning pores have been widely proposed for -defensins (12, 25) . However, the equivalent salt-sensitivity between hBD-2 and hBD-3 in killing of C. albicans cells argues 23 against electrostatic interactions being crucial for hBD3 effects on membrane permeability. In
24

A C C E P T E D
addition, a 17 amino acid peptide derived from the N-terminus of hBD-3 (net charge +4) retains 1 the activity of the full peptide (net charge +11) (13) . Thus, peptide conformation, charge and 2 secondary structure maintained by cysteine residues does not appear to be critical for C.
3
albicans killing (13) . In contrast, hBD-3 killing of E. coli, Pseudomonas aeruginosa and
4
Enterococcus faecium is affected by peptide net charge or secondary structure (13) . In this 5 regard, our results showing energy-dependence of hBD2 and hBD3 killing also suggests that 6 charge-based membrane interactions that do not require cellular energy are unlikely to 7 contribute substantially to cell killing. Similar to previously reported salt-dependent antibacterial 8 effect of hBD-2 (2), our results show that C. albicans killing following treatment with hBD-3 is 9 salt-sensitive. This observation was rather surprising since it is known that the peptide retains 10 antibacterial activity in physiological salt concentrations (11) . These results clearly indicate a 11 difference in the bactericidal and candidacidal mechanism of hBD-3 action. Whether -
12
defensins' ionic strength sensitivity is due to altered attachment on Candida cell surface or to 13 other downstream events in the mechanism of killing remains to be elucidated. In this regard,
14
we found that C. glabrata resistance to hBD2, hBD3 and Hst 5 is not due to lack of expression 15 of ssa1/2p on the cell wall, however these experiments did not rule out the possibility that C. 
7
Human beta defensins are a family containing at least 6 related members, however it is 8 evident that hBH2 and hBD3 family members have distinct mechanisms of action in respect to 9 fungicidal activity. We have found that hBD-3 elicits a higher magnitude of calcein release but 
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